It is important for older adults to prevent sarcopenia, but there are not currently effective methods to maintain or improve skeletal muscle function or immune function in this population. The goal of this study was to observe the effects of a 12-week resistance exercise program with fermented soybean supplementation on glucose tolerance and myokine expression in middle-aged obese rats in regard to body composition and immune senescence. Methods: Subjects were randomly assigned to four groups: control (CON), soybean (SO), resistance exercise (RE), and soybean plus resistance exercise (SR). Resistance exercise involved ladder climbing, and soybean supplementation comprised 24% of total calories from soybean protein. Obesity was induced with 6 weeks of a high-fat diet, and then the group-specific procedures were conducted for the following 12 weeks. Results: There were no significant differences between the groups in regard to daily dietary intake and body weight. The SO group had significantly higher intraperitoneal fat levels compared to the CON group (P<0.05), and a significantly lower lean body mass (P<0.05). The glycemic response of the SO group and SR group showed significantly higher improvements compared to the CON group and RE group (P<0.05). The expression of myokines related to immune senescence was significantly lower in the SO group (P<0.05). Conclusion: Fermented soy beans helped improve glucose tolerance when it was applied with and without resistance exercise, with a significant reduction in the expression of inflammatory factors related to immune senescence in skeletal muscle.
INTRODUCTION
Aging is associated with loss of muscle mass or sarcopenia. 1 Although muscle loss is partially due to physical inactivity, reductions in muscle mass and strength are also observed in highly trained athletes as aging progresses.
supplemental protein used in previous studies have generally been animal proteins, which are less effective in older adults who have decreased digestive and absorptive capabilities. In addition, the expense of these protein sources may prohibit increased consumption.
Soybean is a widely used ingredient in various Korean fermented products, such as cheonggukjang (fermented soybean paste), doenjang (fermented soybean paste), and gochujang (red pepper paste).
Fermented soybean pastes are produced by fermenting the beans with Bacillus subtilis for a relatively short period of time, during which various enzymes, microorganisms, and bioactive compounds not found in unfermented soybeans are produced. 15 Cheonggukjang, which is the most representative form of fermented soybeans, may have antiobesogenic, antidiabetic, and anti-inflammatory effects that could positively influence chronic diseases in the body. According to clinical studies, consuming cheonggukjang significantly reduces intraperitoneal fat and apolipoprotein B/ A1 levels. 16 Also, diet-induced obese C57BL/6J mice showed improved body weight, epididymal fat accumulation, total serum cholesterol, and low-density lipoprotein cholesterol after 9 weeks of cheonggukjang consumption. 17 By analyzing the anti-inflammatory activities of fermented soybeans in a type 1 hypersensitivity and arachidonic acid-induced ear edema model, fermented soybean treatment reduced cutaneous anaphylaxis. Furthermore, ethanol extracts of fermented soybeans were found to significantly increase cell viability by inhibiting apoptosis.
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Based on the previous studies, we hypothesized that the antiobesogenic effects of fermented soybeans and muscle hypertrophy effects of resistance exercise would effectively increase the immune functions of those with sarcopenic obesity due to senescence.
Therefore, this study examined the effects of 12 weeks of resistance exercise and fermented soybean consumption on obese middleaged Wistar rats, with the aim of generating preclinic evidence that can be used to increase the quality of life of older adults suffering from sarcopenic obesity and low immune function.
METHODS

Subjects
First, 50-week-old male Wistar rats (n = 40) were purchased. After spending 1 week adjusting to their new environment, obesity was induced by feeding them a high-fat diet (45% calories from fat) for 8 weeks. Then, rats were randomly assigned to four groups: control (CON), soybean (SO), resistance exercise (RE), and soybean plus resistance exercise (SR). Two Wistar rats were housed per cage, and they were fed ad libitum throughout the 12-week treatment period. All rats were individually bred during the breeding period, and the day-night cycle was 12 hours. Temperature and relative humidity were maintained around 21°C ± 1°C and 60%, respectively. The study design was approved by the Animal Experiment Ethics Committee of Daegu Technopark BioHealth Convergence Center (BHCC-IACUC-2016-02).
Procedures Dietary methods
Throughout the experimental period, rats were fed as described 
Resistance exercise protocol
The resistance exercise protocol comprised ladder climbing, and was developed by partially modifying the methods reported by Jung and Kim. 19 For the 1st week, the rats practiced climbing on a 1.5 m ladder at a 80° incline without weights on their tails to habituate them to the exercise. Subsequently, weights of 25%-45% of their body weight were attached to the rats' tails for ladder-climbing training, and the weights and the number of repetitions was incrementally increased. From the second week until the completion of the exercise program, set 1 was conducted with weights of 65% of body weight; sets 2 and 3 with weights of 75% of body weight; sets 4 and 5 with weights of 85%-90% of body weight; and sets 6-8
with weights of 100%-110% of body weight. Each set involved eight repetitions and was separated from the next by 2 minutes of rest. The exercise was conducted three times per week.
Oral glucose tolerance test
After 10 weeks of treatment, the rats rested for 48 hours to eliminate the effects of the last bout of exercise and were fasted. Blood was collected at rest from the tails and 1 g/kg of 50% glucose was orally administered. Then, 400 μL of blood was collected after 15, 30, 60, and 120 minutes. The collected blood was treated with an anticoagulant (50 μL heparin), and plasma was extracted through centrifugation (1,500 × g, 15 minutes) and stored at -80°C until further analysis. Blood glucose was measured through enzymatic analysis using an automated blood glucose monitor (YSI 2300; YSI Life Sciences, Springfield, NJ, USA). The rats were administered a 2.5 mL subcutaneous injection of 0.9% saline solution to replenish their lost plasma after blood collection. The next exercise treatment was conducted after a 3-day recovery period.
Tissue extraction and blood sampling
After 12 weeks of treatment, the animals were allowed to rest for 48 hours to avoid the "last-bout" effect. Subsequently, they were fasted for 12 hours and anesthetized with ketamine (70 mg/kg body weight; Virbac, Seoul, Korea) and xylazine (10 mL/kg; Bayer, Seoul, Korea). First, the abdominal cavity was opened to collect blood from the abdominal artery. Plantaris muscles and intraperitoneal fat (epididymal, mesenteric, and retroperitoneal fat pads)
were subsequently extracted and weighed, flash frozen, and stored at -80°C until analysis.
1 g/mL leupeptin, 1 g/mL pepstatin, 0.1 mM bpV(phen), and 2 mg/mL glycerophosphate. The homogenized sample was freeze- 
Statistical analysis
The results of each measured variable represent the mean and standard error, and statistical analysis was conducted using the SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was conducted to verify the differences between the groups after 12 weeks of treatment, and two-way ANOVA was conducted to verify these differences at different times. Post-hoc verification was conducted using Tukey test, and statistical significance was set at P< 0.05.
RESULTS
Dietary intake and body mass
After 12 weeks of treatment, the daily dietary intakes of obese middle-aged Wistar rats did not significantly differ between groups although the weights did gradually increase over time (Fig. 1A) .
Body weight was higher in the CON group compared to the other groups, but there was no significant difference (Fig. 1B) .
Body composition
Intraperitoneal lean body mass was significantly lower in the SO group compared to the CON group (P< 0.05), while the intraperitoneal fat mass was significantly higher than in the other three groups (P < 0.05). However, there were no significant differences in intraperitoneal fat mass of the RE and SR groups compared to 
Muscle mass
After 12 weeks of treatment, there were no significant differences in the weight of the plantaris muscle, a lower extremity fast-twitch muscle, between the SO, RE, and SR groups compared to the CON group (Fig. 3) .
Oral glucose tolerance test
An oral glucose tolerance test was conducted to observe the effects of 12 weeks of fermented soybean consumption and resistance exercise on the glucose tolerance of obese middle-aged Wistar rats. The blood glucose responses of the SO and SR groups were found to be significantly improved compared to those of the CON and RE groups (P< 0.05) (Fig. 4) .
Myokine expression
To investigate the effects of 12 weeks of fermented soybean consumption and resistance exercise on the expression of myokines related to the immune senescence of skeletal muscles, the plantaris muscle was excised and its myokines were quantitatively analyzed.
TLR4 protein expression significantly decreased in the SO and SR groups compared to the CON group (P< 0.05) (Fig. 5A) . The expressions of MyoD88 and IL-6 were significantly lower in the SO group than in the other three groups (P < 0.05) (Fig. 5B, C) . The expression of IL-15 did not significantly differ between the groups (Fig. 5D ).
DISCUSSION
The aim of this study was to investigate the effects of long-term The SO and SR groups, which consumed fermented soybeans,
showed significantly reduced blood glucose responses during oral glucose tolerance tests compared to the RE group. Kim et al. 21 conducted a 4-week-long dietary study on 5-week-old male Wistar rats, examining the effects of soybean, cheonggukjang, and doenjang powder consumption on changes in blood glucose and serum lipid levels in rats with streptozotocin-induced diabetes. Rats that consumed cheonggukjang had reduced body mass and blood glucose concentrations compared to control rats. Furthermore, various studies have reported that the consumption of fermented soybeans has antidiabetic effects, improving blood glucose concentrations in diabetic and obese Wistar rats. 22, 23 In the majority of these studies, both body fat reduction and blood glucose improvement were observed after consuming fermented soybeans. However, a reduction in body mass was not observed in this study. Rather, intraperitoneal fat increased and lean body mass decreased. Li et al. 24 fed 5% fermented soybean (cheonggukjang) powder to db/db mice for 6 weeks, and reported that the blood glucose and hemoglobin contents were significantly reduced, although there was no influence on the blood insulin concentration. These results were thought to be due to improved high glucose and insulin tolerance by increasing the functions of pancreatic β-cells of db/db mice. Moreover, Liu et al. 25 reported that genistein, which comprises approximately 70% of fermented soybeans, increases insulin production in the mouse pancreas after glucose stimulation. The results of this study suggest that blood glucose improvements after consuming fermented soybeans are not due to changes in body composition, but to improvements in blood glucose regulation. The results of this study (i.e., no significant difference in fat mass or body weight in the SO group) might be different from those of previous studies because of the similar increase in the daily dietary intakes with CON group and the complex factor of age; however, additional studies will be required to verify this and elucidate the related mechanisms.
Long-term consumption of fermented beans significantly reduced the expression of myokines related to immune senescence.
Senescence and obesity increase the expression of TLRs, increasing their downstream regulators, MyoD88 and IL-6, and decreasing immune function by causing inflammation. These phenomena have been reported to increase proteolysis in skeletal muscle both in vitro and in rodents. 26, 27 In this study, TLR4 expression decreased significantly with soybean consumption, and MyoD88 and IL-6
had significantly lower protein expression in the SO group. TLR4 decreased in both SO and SR groups, whereas myoD88 only differed in the SO group. This study could not explain why the decrease in myoD88 in the SR group is weakened compared to the SO group. Further study will be required to verify the myoD88-related mechanisms.
Solerte et al. 28 analyzed insulin-like growth factor 1 and tumor necrosis factor-α (TNF-α) concentrations based on protein intake, and reported an anabolic effect of reduced TNF-α expression.
Moreover, Nam et al. 29 argued that TNF-α and C-C motif chemokine ligand 2 (CCL2) are activated in the adipose tissues of highfat diet-fed mice, along with oxidative stress markers, and these proinflammatory cytokines are inhibited after consuming doenjang. Consuming soybeans activates anti-inflammatory markers, including adiponectin, making it very effective in relieving obesity-induced inflammation and oxidative stress. Moreover, Oh et al. 30 reported inhibitory effects on the inflammatory markers IL-1β and IL-6 after feeding seaweed that contained sufficient amounts of protein to high-fat diet-induced obese mice. Han et al. 31 reported that soy leaf extracts are effective at reducing proinflammatory cytokines levels in blood vessels, including TNF-α, IL-6, IL-1β, CCL2, vascular cell adhesion molecule 1, and intercellular adhesion molecule 1. Moreover, Mercer et al. 32 reported that soy protein isolates have inhibitory effects on high-fat diet-induced hepatoma proliferation in mice, by reducing IL-6 and TNF-α expression.
Consistent with these previous studies, our results indicate that consumption of fermented soybeans is effective at preventing inflammation and increasing immune system function during senescence and obesity.
IL-15 acts as an anabolic factor for skeletal muscle growth. 33, 34 It positively affects immune function by functioning as a speed regu- 39, 40 , and it is unclear whether the expression level was continuous. 38 Therefore, it is suspected that differences in research subjects and analysis times may have caused this difference. Further study will be required to suggest a definite conclusion related to IL-15 expression. In summary, although our results do not have detailed data on muscle function, a complete array of myokines, and the typical phenotype of the RE group, we found that 12 weeks of resistance exercise and fermented bean consumption for obese middle-aged Wistar rats did not significantly improve body composition, but improved glucose tolerance and significantly reduced the levels of inflammatory factors related to immune senescence in skeletal muscle. This suggests that the consumption of fermented soybeans in the states of obesity and senescence can help prevent inflammation and increase immune function.
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